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ABSTRACT
Noise, that undesirable portion of the ever-present sounds of
our environment, has until the last decade, been considered as an
unavoidable by-product of our rapid population growth and its accompanyi.ng mechanization.

As awareness of adverse he a1th effects

from noise exposure grew, the Federal government, as protector of
the public heal th and welfare, took the initial steps to control
no i se pollution.

Federal legislation, beginning with the Clean

Air Amendments of 1970, has been promulgated to control major offenders and to assist State and local governments in their endeavors to provide the public with an environment free from harmful
noise levels.

This paper first discusses sound and noise, the

methods for describi.ng and quantifying noise, and 1evel s n,eeded
for protection.

Secondly, contra 1 and abatement efforts are dis-

cussed with emphasis on

l~gislated

goals, the role of the Environ-

menta 1 Protection .Agency, and State and l oca 1 actions.
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CHAPTER I
SOUND AND NOISE

Noise has always been an unavoidable part of man •s env i ronment,
and as his numbers i ncrea.sed the quantity of noise to which he was
subjected increased accordingly.
tur~e,

As a result of his gregarious n a-

man has concentrated himself and the products of his technol-

ogy i nto a cacophonous beehive 'Which today produces noise levels

that jeopardize his menta 1 and ph./~ i ca 1 we 11 being.
In general, noise is defined as any unwanted or undesired

sound.

I t follows from the definition that noise is confined with-

in t he limits of sound pressure l;evels which are acoustically per- ·
ceptible; hence, the theory, " if you can't hear it, it can't hurt
you.''

However, recent studies have cast doubts as to the validity

of this ass umption.
Presently, there is i nsufficient scientific evidence to con-

clude that excessive exposure to infrasound (below 20 Hz) and ultrasound (abeve 20,,000 Hz) can produce non-audi'tory disease in humans;
however, it is known that exposure to sound in these ranges can
produce a physiological response.

Additionally, some animals de-

ve l op stress-induced diseases when similar physiological responses
are elicited by extra-auditory sound.
ders generally require a.

noise induced

heari~g

~greater, . time

Since stress-related disorspan to develop than does

loss, over zealous concern for the latter

2

may well have obscured the former.
The Envi ronmental Protection Agency (EPA), in its efforts to
establish noise levels adequate to protect the public, has recog-

nized the possible existence of sound induced, non-auditory disease.
However,

the~

agency has concluded that if noise is maintained at

l evels adequate to protect against loss of hearing the resulting
noise 1eve 1 waul d probably be ins uffi ci ent to induce non-auditory
1

diseases . . (IJ,. S. EPA .. Information on· Levels .•. , 1974 p. E-1). Therefore, to date, the major effo_rts have been directed toward abatement of sound 1eve l s in t he aud) o~:~tri c frequency ran9e.
Whether or not a given sound is perceived by the normal, human ear' is dependent on frequency and i ntensity.

The frequency

range for audible sound is 20 to 20,000 Hz i n young, otologically
normal adults with the frequencies between 2000 and 4000 Hz being
Whe~

t he most acute hearing range.

the human ear is damaged by

noi se, such damage is usually first detected near the audiometric
freq uency of 4000Hz.

The minimum intensity level (flow rate of

power per unit of wave front .area) which produces audibl:e sound is
a functi on of frequency and this relation varies in a non-linear
manner.

If the audiometric frequencies are plotted against the

minimum intensity level

requir~ed

to produce a hearing sensation,

a curve is generated which defines the nthreshold of audibility".
(See~

Figure 1}
As the frequency of a given sound is increased from 20 Hz,

the intensity of sound

requir~ed

decreases unti 1 the frequency

to

p~ roduce

r~ eaches

an audible sensation

the maximum acuteness range
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of 2000 to 4000 Hz.

At this point, the human ear is capable of
perceiving sound with an intensity of less than 10- 16 watts/cm2 .
It should be noted that intensity and loudness are not equal.
Intensity, a purely physical qua 1i ty, refers to the amount of

energy flow per unit area of wave front per unit of time and is
generally expressed in units of watts/cm2 . However, since energy
flow rate is proportional to the square of the pressure change,
intensity may also be expressed in terms of the change in pressure.
Loudness, a sensory quality, is a function of frequency,
intensity, and the specific characteristics of the ear.

Referring
to Figure 1, at a frequency of 200 Hz, an intensity level of 10- 14
watts/cm2 is just audible while at a frequency of approximately
3000Hz, this same intensity level is more than 600 times that
required for audible sound. Or, expressed in terms of loudness,
a sound of intensity lo- 14 watts/cm2 and frequency 3000 Hz would
be much louder than the same sound intensity at 200 Hz.

However,

to a person who had experienced a temporary or permanent loss of
he a ri ng , ne i the r s oun d wou1d be as

11

l o udn as to a pe rs on of normal

hearing.
Persons with reduced hearing capacity are said to have had a
"threshold shift• .

Such a shift may be due to ( 1) the normal aging

process (presbycusis), (2) non-sound related diseases, or (3) noise
exposure.

Further, noise induced shifts may be temporary (NITTS,

Noise Induced Temporary Threshold Shift) or permanent ( NIPTS, Noise
Induced Permanent Threshold Shift).

5

Obviously, it is the amount of energy in the form of overpressure which a sound wave possesses that determines the force of the
impact which the sound wave delivers to the ear mechanism.

There-

fore, to quantify this energy an accurate means of measurement is
necessary.

Since it is difficult to accurately measure the energy

level directly, a related system based on pressure change is emplayed.
As mentioned, the ear has a threshold of audibility lower limit
of 10- 16 watts/cm2 while the intensity of sound produced by a Saturn rocket at liftoff is 10 4 wat~s/cm2 (U.S. EPA, About Sound, 1976
p. 4). This is a ra_nge of 1. 0 to 1. 0 x 10 20 which is too unwi e 1dy
for general use. Using the l_ogarithm of the intensity level on the
1.0 to 1.0 x 10 20 scale reduces the scale range to 0 to 20.0 with
units being the bel.* A further refinement of one-tenth bel, the
deci be 1 , is coJTIDlon ly used.
Using the threshold of audibility intensity level (1.0 x 10- 16
watts/cm2 ) as a reference base, any intensity level can be expressed
as the ratio of the measured intensity to the reference intensity.

J ()

fMeas ured Intensity
Intensity Level ( dB ) = 10 log~eference Intensity

1-1

It can be shown that intensity level varies in proportion to
th.e square of the sound pressure.

If the reference base (threshold

of audibility) is now expressed i.n terms of pressure**, intensity

* All l_ogorithms are

~ak.en

as.

l _~g

10 unless otherwise specified.

** Units of pressure often encountered as reference pressure are
· · 0.0002 microbars, 0.0002 dynesjcm2, and 20 micropascals. All
. ·.are equa 1.
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can be expressed as the ratio of the square of the measured pressure and the square of the reference pressure.
Sound Pressure Level (SPL)

=

10 log

c·

J

Measured Pressure
Reference Pressure

2 (1-2)

or,

SPL

=

PI

20 log p- dB

( 1-3)

0

where P0

= 0.0002 microbars and P1

=

measured pressure in microbars.

As previously shown, the ear responds to different sounds dependi,ng on sound pressure level (S_PL) and frequency.

If it is de-

sired to measure SPL as it relates to human perceptibility, it is
necessary to establish a scale which represents the way the ear
.. hears...

Sounds in the 2000 to 4000 Hz range are most readily heard

with hea r ing difficulty increasing with frequency change above and
below this ra.nge.
To measure SPL as the ear hears it, sounds outside the acute
hearing range are
on frequency.

11

Weighted 11 with the degree of weighting dependent

Many such scales have been devised to closely approx-

imate the human ear; however, the A-weighted scale is presently the
most widely accepted.*
The type of sound to which the average person is exposed is a
composite of many frequencies and intensities occurring from short
to prolonged time periods.

Interim peak intensities are generally

superimposed over a rather steady background sound referred to as

* All future references to SPL in this paper will be A-Weighted
levels based on a 0.0002 microbar reference pressure.

7

the ambient background level.

To adequately quantify sound energy

levels of environmental noise, no single method will suffice; therefore, four descriptors have been developed and are all based on
the A-Weighted scale.

They are ( 1) the A-Weighted Sound Leve 1 ( L),

(2) the Sound Exposure Level (L ), (3) the Equivalent Sound Level
5

(L 8 q)' and (4) the Day-Night Sound Level (Ldn).
The direct A-Weighted SPL, L or .Lmax' is used when measuring
peak sound levels, sound level at a specified instant, or sound
of a steady nature.

In general, environmental noise does not meet

these limited conditions.

Rather, . it consists of peaks and pla-

teaus of irregular time span which rise to some level above a relatively stable ambient background level.
If it is desired to measure a single event noise exposure level (SENEL) such as an aircraft overflight at low level (approach
and takeoff} where such an event is of such magnitude as to overshadow other noise contributions, the Sound Exposure Level (Ls)
can be used.

The single event noise exposure level, SENEL, can be

expressed as:
SENEL

=

NLmax + 10 log (t/2) dB

where
Nlmax

= maximum

t

= duration

noise level as observed on the A
scale of a standard sound level meter,

and
(L

· max

measured between the points of
(See Figure 2)

- 10) in seconds.

(1-4)
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0
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The total sound exposure level of a series of such single
events may be expressed as the hourly noise level:

HNL

=

SENEL + 10 log(n} - 35.6

dB

(1-5)

where
SENEL = energy mean value of all SENEL for each
s i .n g1e event ,

and

n

= number of events per

hour.

The third descriptor, Equivalent Sound Level (Leq)' employs
...
the· Equal Energy

Hypothesis and expresses the value of a time-

varying so und in terms of a si ngle steady-state value having equi-

valent energy.
s i ng sound level

It has been determined that this method of exprescorre l at~es

we ll with lo.ng term human effects.

That is, persons exposed to

varying sound levels (time and inten-

sity) react similarly to persons. e,xposed to a steady-state sound
which produces the equivalent
val.

~energy

·

over the same exposure i' nt~er,-

The time-integrated val ue of sound occurring between time t 1

and- t 2 is:

Leq

dB

(1-6)

where p(t) is the time varying sound pr,e ssure and p0 is the r,e fer-

ence pressure (0.0002 microbars).
In order to establish a single descriptor which effectively
considers the different contributions of day noi'se and night noise,

10
the fourth descriptor, Day-Night Sound Level (Ldn) was formulated.
Several factors become important when one tries to re 1ate daytime
sound and nighttime sound as to their impact on people.

Within

prescribed constraints, people are affected as much by the amount

a given noise exceeds the ambient background level as they are by
t he maximum level of the event.

Urban nighttime ambient background

levels are consistently l ower t han daytime levels and therefore,

a noise event of given leve 1 is more noticeable at n_i ght than the
same noise level event would be during the day.
Internationally, various schemes have been used to account
for the differing interference levels of equal daytime and nighttime sound exposure.

However, it appears that the most widely ac-

cepted is one that applies a +10 dB weighting to sound level values
occurri ng between the hours of 10 p.m. and 7 a.m.

This method ex-

presses t he day/night sound level (Ldn) as:

La
= 10 log

Ldn

l

2

10
15 ( 10)

Ln + 10
10
+ 9(10)

(dB)

(1-6)

where
Ld

=

Le q for daytime ( 7 a . m. to 10 p . m. )

Ln

=

Leq for nighttime (10 p.m. to 7 a.m.)

and

The +10 dB weighting of nighttime sound l evel values has been
shown to correlate well with public surveys as to annoyance and
interference effects of daytime and nighttime noise exposure.

This

11
weighting factor also tends to force noise abatement efforts in
the proper direction.

Si nee the difference between Ld and Ln tends

to decrease (from about 10 dB to 4 dB) as ldn values increase from
relatively quiet leve l s (45-50 dB) t o noisier (greater than 65 dB},

it can be seen from Equation 1-6 t hat (1) at 1ower va 1ues of Ldn'
Ld is the controlling factor for Ldn and (2) at higher values of
Ldn' the +10 dB weighted Ln will contro l Ldn·

Therefore, in a

high 1eve 1 noise environment, t he s 1i ght l y 1 ower Ln wi 11 exceed
It i s then necessary to direct

t he Ld when t he +10 dB is appl'ied.

abatement measures toward both daytime and n_i gh t time noise sources

if an effective reduction of Ldn is to be affected.

Sound pres-

sure level expressed as Ldn has become the basic reference in most
efforts to define existi _ng levels, establish protective levels,
and forecast expected levels.
The effects of noise are broadly categorized as (1) hearing

1ass or change and (2) interference.

Heari ng 1ass or change im-

plies an increase in the hearing threshold level which may be temporary (TTS) or permanent (PTS).

Changes in threshold level of

less than 5 dB are extremely difficult to determine and are not
considered significant

in view of the fact that such changes can

be attributed to natural aging as well as temporary physiological
maladies.

Interference (to include annoyance) manifests itself as

a disruptive influence on speech, work activities, reading, thinking, sleep, and just plain enjoyment of one•s surroundings.

Hear-

ing loss (greater than 5 dB) and speech interference can be measured

12
accurately while the other forms of interference are extremely
subjective and any standards or protective levels must be derived
from large data sources such as response surveys.
If one considers the sound levels present in the environment
and the maximum levels which the EPA has determined as requisite
to protect public health and welfare, the magnitude of noise exposure and the possible threat it poses becomes obvious.
Figure 3 and Table 1).

(See
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QUALITATIVE
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-
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I

LOS ANGELES- 3;d FLOOR APARTMENT NEXT TO
FREEWAY
LOS ANGELES- 3/4 MILE FROM TOUCH DOWN AT
MAJOR AIRPORT
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OUTDOOR LOCATIONS
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QUIET SUBURBAN
'-------
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Fig. 3. Outdoor day-night sound · level in dB (re 20 mi cropascals) at various locations.
SOURCE: U.S. Environmental Protection Agency, Informati on
on Levels of Environmental Noise Requisite to Protect Pub l ic Health
and Welfare with an ~e uate Mar in of Safet , EPA Report No. 550
9-74-004 Washington, D.C.: Government Printing Of fice, 1974) :
14.
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TABLE 1
YEARLY AVERAGE* EQUIVALENT SOUND LEVELS IDENTIFIED AS
REQUISITE TO PROTECT THE PUBLIC HEALTH AND WELFARE WITH
AN ADEQUATE MARGIN OF SAFETY
.
Measure

]ndoor
Activity Hearing Loss
Considere:~Interf ere 11 ce

Outd oor
Act iv ity Hearing Loss
InterCono;;JJcraft:ren~t:
tion

To Protcd
Against
Both Ef-

tlOll

fc<.:ts(b)

To Prokl"f
Again -;t
Both Effccts <h 1

!

Residential with Outside Sr<H.:c and Farm
Residences

Lon

RcsidentiJI with No
Outside Sp<.~ce

Lun

45
70

Leq(24)

Lt:q(241

55
70

45

45
70

leq( :!4)

Commercial

55

45

( ~.tl

70

7Q(c)

(a l

70

70(d

70

70( l)

I

I

Inside Transportation

Lcq(:!4)

(a)

70

(a l

Industri al

Leq( :!4 )(d)

(a)

70

70t ()

(a)

Hospitals

Ldn

45

45

ss

70

Lc-q< 24)

55

70
,_.

Ed uc.:a t irm<.~l

Leq(24J

45

Areas

Farm Land and
General Un popu1a ted
Land

Leq(24)
Leq(24)

45

(J)

70

55

55
70

70

Lcq<24)(d)
RerreutionC~I

I

70(c)

( .a }

70

701 c)

(a)

70

70< c}

Code:
a.

b.
l'.

d.

Since different types of activities appear to be associated with different levels , idcntifJC4:1t ion of a max imum level for l:lctivity interference may be difficult exc.:t:pl in those
circumstances where speech communj<.:ation is a critical activity. (See Figure D-2 for
noise kvels ~~a function of distance which allow ~tisfactory communication.)
Ba<;ed on lowest lt·vcl.
'
B&Jseu nl y on lll'aring loss.
An 1.-eq(X) of 75 ~H may bt· identified in these situations c;o lon~ as the c:-.po un· \Wn
the rcmainin!! I (J huurs per dt.~y is low cnou~h to rc~ult in l:l negligible ccJnlributJon lo
the :!4-hour averC~gc. i.e .. no grl'a tcr than an Leq of 60 dB.

Note :
Ex planut ion of iden t ifil'd l~vel for hc<nin~ lo~s : The ex po~urc perimJ w h1ch
results in h~arin~ loss at tht· itJcnlJfit:d level i~ a pt·riou of 40 year~.

SOURCE:

U.S. En vi ron menta 1 Protection Agency, Information on

Levels ... , EPA Report No. 550 9-74-004 (Washington, D.C.:
ment Printing Office, 1974): 29.

Govern-

CHAPTER II
CONTROL AND ABATEMENT
In the late 1960's, increased public interest in noise pollution and a resulting desire for greater governmental intervention
in controlling the sources of this pollution culminated in federal
legislation which formally established a noise control program.
Under Title IV of the Clean Air Amendments of 1970, the EPA was
directed to study and i nves ti gate noise and its effects.

The find-

ings of this study and investigation provided the necessary support
for the first national legislation specifically directed toward noise
control, the Noise Control Act of 1972.

With the general goal,

"To promote an environment for all Americans free fro no· se that
jeopardizes their health and welfare, .. the Noise Con ro Act d"rected the EPA to:
1.

Identify major sources of noise

2.

Regulate those identified sources

3.

Propose aircraft noise standards to t he EPA

4.

Label noisy products

5.

Engage in research, technical assistance, and
di sse mi nat i on of pub 1i c i nformat i on , and

6.

Coordinate all Federal noise control efforts
(U.S. EPA, Noise Control Program, 1979 p. v)
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With the general goal as the paramount objective, the EPA established
the following specific goals in order to accomplish those mandates
set forth in the Noise Control Act:
1.

Take all practical steps to eliminate hearing
loss as a significant consequence of noise exposure both in the workplace and in the general
environment.

2.

Reduce environmental noise exposure of the
population to an Ldn value of not more than
75 dB immediately, utilizing all available
tools, except in those isolated cases where
this would impose severe hardship. This will
essentially eliminate risk of hearing l oss
due to environmental noise,. and reduce the
extreme annoyance and activity interfe rence
for the population most severely affected .

3.

Through rigorous regulatory and planning actions, reduce environmental noise exposur~e
levels to Ldn 65 dB or lower, and concurrently
reduce noise annoyance and related activity interference caused by intrusive noises.

4.

In planning future programs concerned with
or affecting environmental noise exposure,
t o the extent possible, aim for environmental
noise levels that· do not exceed an Ldn of 55
dB. This will ensure protection of the public
health and welfare from all adverse effects of
noise based on present knowledge.

5.

Encourage and assist Federal, State, and local
agencies in the adoption and implementation of
a long-range noise control policy designed to
prevent significant degradation of existing
noise levels or exposure in designated areas.
Such a 11 non-degradation 11 policy could be incorporated into land-use and development planning processes in an effort to reduce potential
increases of noise levels or exposure in areas
where quiet is at a premium, e.g., hospital
zones, quiet residential areas, and wilderness
areas. (U.S. EPA, Toward a Nati anal Strategy,
1977 p. 13)

17
Developing a National Strategy
Due to the complexity of the noise problem and the lack of
data and past planning, it was necessary that the development of
a national noise strategy be an on-going and fl exi bl e process.
The general approach would be for the Federal government to promulgate standards and regulations for major noise sources and for
in-use operations where State and local governments lacked authority such as aviation and interstate rail and

~otor

carriers.

State

and local governments would establish and enforce in-use regulations
in

~ccordance

tributors.

with their needs and the character of the noise con-

Additionally, State and local agencies would assist in

the enforcement of Federal regulations.

Industry would be assisted

in advancing quiet technology through EPA efforts to identify future research needs and underfunded in-progress research; funding
in these identified areas; and the coordination and dissemination
of developed technology throughout industry.

However, in a free

enterprise system and competitive market, adoption of costly noise
reduction technology could not be expected on a voluntary basis.
Only through regula tory measures which equa 1i ze the adoptive pressure on all competitors can there be any assurance that developed
technology will be incorporated into production.

Additionally,

private industry efforts to develop low-noise emission products
would be encouraged through the granting of preferred status in
Federal government purchasing even with a premium and through consumer education to encourage selective buying.

Consumers would be
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informed of the health-related aspects of noise and the availability of low-noise emission products.
Responsibilities of the EPA
Identification of major noise sources
Logically, the first step was to assemble and evaluate all
available data relative to ·noise effects on health and welfare and
then identify maximum noise levels which would afford the desired
level of protection.
two documents:

To this end, the EPA published the followi .ng

Public Health and Welfare Criteria, July 1973 and

Information on Levels of Environmental Noise Requisite to Protect
Public Health and Welfare with an Adequate Margin of Safety, March
1974.

These documents formed the basis for all noise standards

and regulations which have followed.
Desiring to maximize abatement effects in its initial actions,
the EPA identified portable air compressors and medium and heavy
trucks as major sources of noise to be reckoned with first.

To

date, the EPA has further identified the following as major noise
sources:
1.

Wheel and crawler tractors (construction equipment)

2.

Truck-mounted solid waste compactors {garbage trucks)

3.

Motorcycles and motorcycle replacement exhaust systems

4.

Buses

5.

Truck-transported refrigeration units

6.

Power lawn mowers, and

7.

Pavement breakers and rock drills
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Additionally, automobiles, light trucks, tires, chainsaws, and
earthmoving equipment used in construction are under study as
possible major noise sources (U.S. EPA, Noise Control Program,
1979 p. 11).
Regulation of identified major noise sources
Since construction and surface transportation had been identified as major areas of noise sources, regulating these contributors would produce the most irmnediate, significant, and widespread
reduction of noise pollution.

The development of effective and

realistic regulatory measures would consider not only specific
goals but also, the state-of-the-art within the specific industries
as well as the associated costs of compliance to the overall economy.
Generally, noise reduction measures are most cost-effective
when the efforts are directed toward controlling the source (U.S.

EPA, Toward a National Strategy, 1977 p. 29).

Therefore, initial

re.g ulatory action established noise emission standards for new products.

Final regulations were issued in January, 1976 for porta-

ble air compressors and in April, 1976 for medium and heavy trucks.
The EPA continued its assault on construction equipment with proposed standards for new wheel and crawler tractors.

Transportation

received attention in the form of proposed regulations for new
truck-mounted solid waste compactors, city buses, school buses,
inter-city buses, and motorcycles and mopeds (both street and offroad models).
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Since State and local agencies lacked authority to establish
in-use regulations for interstate carriers, the EPA promu·l gated such
regulations applicable to trains of interstate rail carriers and
for motor carrier vehicles with Gross Vehicle Weight Rating (GVWR)
over 10,000 pounds.
Enforcement is an integral part of any regulatory process and
noise contra 1 is no exception.

The enforcement procedures deve 1-

oped for regulations applicable to portable air compressors and to
medium and heavy trucks are indicative of the format for enforcement of other new product standards which followed.

They consisted

of:
1.

Product verification by the manufacturer or EPA
of early production models to insure that the
product was capable of meeting standards prior
to wholesale distribution

2.

Selective enforcement auditing by the manufacturer or EPA wherein statistical sampling confirmed the on-going compliance during full-scale
production, and

3.

In - use controls such as warranties, antitampering provisions, maintenance instructions,
and product labeling.

The first two procedures protect the manufacturer from costs
associated with the production of products not in compliance and
therefore, not marketable and provide the EPA with data for cease
distribution or recall actions should non-compliance occur. The
third procedure requires that the manufacturer warrant to the consumer that the newly purchased product conforms to the required
noise standards and that the manufacturer pro vi de the consumer with
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adequate maintenance instructions so that the product may be maintained in compliance.

Anti-tampering provisions protect against

the negation of noise-attenuation devices by removal or alteration.
Responsibility for enforcement of applicable, new-product
noise emission regulations, other than for rail and motor carriers,
is vested in the Noise Enforcement Division of the EPA.

They per-

form the required production testing and, using Mobile Noise Enforcement Facilities (MoNEF), conduct surveillance testing and assist
State and local noise control agencies in the enforcement of Federal, State and local in-use regulations.

Rail and motor carrier

regulations are enforced by re 1ated agencies within the Department
of Transportation (DOT).
Proposals to the Federal Aviation Administration
Control of aircraft noise is the responsibility of the Federal
Aviation Administration (FAA).

However, the Noise Control Act di-

rects that the EPA consider the health and welfare aspects of aviation noise and propose to the FAA those measures which it considers
necessary to protect the public.

The FAA may either accept or re-

ject the EPA proposals, but if they elect not to accept, the reasons for rejection must be published in the Federal Register.
The EPA has submitted to the FAA proposed source regulations
for noise sources such as Super Sonic Transports (SST) and propeller
driven small aircraft.

Also, operational regulations have been

proposed for aircraft approach and landings and for minimum
fl .i ght altitudes.
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It should be noted that in addition to its proposal corrmitment,
the EPA provided technical and equipment support for monitoring
the noise emissions of the initial Concorde SST flights into U.S.
airports.

Also, the EPA has provided simplified noise abatement

pl anning guidance to communities whereby non-technically trained
members of local pl anning b.oards can effectively deal with airport
operators, local citizens, airport users, and land developers (U.S.
EPA, Toward a National Strategy ... , 1977 p. 46).
Lab~ling

of noisy products

The Noi se Control Act specifically directs that the EPA establish regu l ations requ i ring the labeling of any product (1) that
produces a noise level which could adversely affect the public
health or welfare or (2) that is sold on the basis that it is, to
some degree, effective in reducing noise.
The description of a product as

11

noisy" is highly subjective

and any attempt to regulate all such classified products would be
infeasible.

The degree to which a product is noisy is much depen-

dent on who uses it as well as how, when, where, and how often it
is used.

In many cases, the consumer may be the best judge as to

the intrusiveness of a given product.
If the consumer is well informed of the health impacts of excessive noise exposure, has developed his own personal standards
re 1ati ve to what is noisy, and has a desire to exercise some control over his environment, he may, through selective buying, make
a significant contribution to the national noise control program.
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However, it is necessary that he be provided clear, comparable data
for the product involved.

Proper labeling defining the noise level

expected in operation or the degree of noise - attenuation possible
for products so designed, offer an effective means of consumer
education.
The above actions would be most effective in cases where the
purchaser is the ultimate user.

Where third-party exposure is the

case, more reliance on emission regulations and enforcement would
be necessary.
:· In addition to consumer benefits, product labe l ing would enhance the enforcement of noise-abatement measures and cont rols at
the State and local level in that ordinances coul d be est abl is hed
which prohibit the use of products which emit no i se above a fixed
level.

Comp l iance could be determined by me re inspe ction of t he

product label thus avoiding the need of expensive sound me as uring
equipment.
Products which have been identifie d for

ss

e a eling

regulations include hearing protective devices, ac
and other building materials advertised as ha ·,
quali-ties.

Others are products likely t o be f

stica til es,
1se-attenuating

d

1~ n

or aro nd

the home such as vacuum cleaners, air conditioners , shop tool s, and
powered lawn mowers.
Research, technical assistance, and public informati on
Research has been a priority necessity fo r EPA since •ts ini tial involvement in the field of noise control as direct ed by Title
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IV of the Clean Air Amendments.

With an extremely limited data-

base from which to start, a vast amount of research was required to
develop the Criteria and Levels documents.

Since little was known

of the long-term effects of noise on health, it was necessary to
establish initial protective levels through analysis, extrapolation,
and evaluations of the present state of knowledge (U.S. EPA, Information on Levels ... , 1974 Foreword).

Results thus obtained were

further adjusted to allow for error and insure a margin of safety.
In many cases, this methodology resulted in establishing levels
which, in probability, were excessively restrictive.

Recognizing

this, the EPA has continued its research in the initial fields of
study as well as new ones with the objective of continually refining its fi ndings so as to ultimately establish the most realistic
standards commensurate with public safety.
As major noise sources were identified, increased research
efforts were required to determine the techno 1ogi ca 1 capabi 1 i ties
for noise reduction in product design and to determine direction
for improving the state-of-the-art.

It is clear from the perva-

siveness of noise that its control must encompass activities which
span practically every scientific, industrial, and social community.
The enormous research effort required by such diversity waul d be
impossible for a single agency.

The EPA has encouraged, funded,

and coordinated much of the required research conducted by private
industry as well as private and public educational institutions.
In many cases, industry, on its own, has searched for new and
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better methods of attaining compliance with noise emission regulations for economic and competitive reasons.
To be productive and cost-effective, large-scale research
programs must have direction.

As the directed coordinator of all

Federal noise control efforts, the EPA has conve ned various interagency noise technology research panels to review past research,
assess priorities, and formulate future research plans.

The EPA

has continued its health-effects research in areas such as:

.~

1.

Prenata 1 noise effects

2.

Blood pressure and heart rate effects of
protracted noise exposure

3.

High 1eve 1-1 ow frequency noise effects, and

4.

Effects on children.

Other investigations have considered wildlife, loudness prediction
models, and urban noise surveys.

Subjects for technical resear ch

have included truck noise sources, engine enclosures,

11

qui etu pro-

pellers for small aircraft, tire design, and internal co , us t1o
engines.
The EPA has stressed the role of providing techn ical ass stance particularly to State and local governments since many of t he,
problems relative to noise control are their responsibility.

Oper-

ating from fifteen regional offices, the EPA has assisted State
and local agencies by developing new noise control programs, surveying existing ones, drafting model noise control ordinances,
conducting community surveys, conducti.ng workshops to train noise
control officers, providing technical information on types and uses
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of sound

measuri~g

equipment, and by providing monitoring equipment

on a loan basis where needed.
Recognizing that many of the existing community noise control
programs were founded in the common 1aw approach to nuisance which
has proven to be difficult to enforce, the EPA worked with the National Institute of Municipal Law Officers to develop and publish
the Mode l Community Noise Control Ordinance.

The model retains the

nuisance provisions but in the majority, develops provisions based
on performance standards which are much easier to enforce.

This

approach was made feasible by the development of accurate and
easily operated monitoring equipment (U.S. EPA, Model Community
Noise ... , 1975 p. 1).
It was not until 1976 that the EPA began major efforts in the
dissemination of noise related information to the public.
since beginning, considerable progress has been made.

However,

To better

apprise the public of the health hazards associated with noise exposure, educational modules were developed for junior and senior
high school curriculums and various apprenticeship programs.

Bro-

chures were printed and distributed to children and young adults
on such occasions as large-scale, State-conducted hearing tests.
Using straghtforward, understandable, lay terminology, films and
publications have been employed as effective mediums for public
dissemination of noise information through exhibits at national
meetings of such o.r ganizations as the Parent Teachers Association
'

and the National League of Cities.

Such exhibits are also available
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for loan to State and local agencies for use in noise information
programs.
To provide a central source for collection and distribution
of public information material, the EPA established the National
Information Center for Quiet.

In addition to distributing infor-

mation on noise effects and control, the Center conducts an annual
No i se Sympos i urn.
Coordination of Federal noise efforts
As directed, the EPA is the agency res pons i b1e for the coordin atio n of all Federal noise research and control effo rts.

To

accomplish such an enormous task, the Agency has developed a multifarious program which includes:
1.

Program coordination

2.

Consultations

3.

Reports

4.

Envi ronmental Impact Statement review

5.

Interagency agreements, and

6.

Federal compliance actions.

P~ogram

coordination to insure a unified and effective approach

to carry out the national noise strategy is accomplished throu,gh
(1) the Communication and Information Exchange Program, {2) the

Joint Special Studies and Demonstration Program, (3) interagency
noise research panels, and (4) the Interagency Committee on Urban
Noise.
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Prior to prescribi.ng any r.e gulation concerning noise, all
Federal agencies are required to consult with the EPA for review
of such proposals.

It is the purpose of such consultations to

insure that all noise r.e gulations promulgated prot ect the public
health and welfare in accordance with standards established in the
Levels document.
Comprehensive reports are published periodicall y in which the
EPA sets forth the interrelationships of all noise pr_ograms of
Federal

~gencies

with respect to:

standards and regulations; hear-

ing· conversation; noise abatement; and research, development, and
demonstrations.
I n addition to reviewing some 2000 Environme nta l Imp act Statements (EIS) per year, the EPA provides guidelines and technical
assistance for preparation of such Statements and whe r e needed, pre'pares EISs

for its own activities.

Occasionally, the personnel, equipment, and requi red expertise necessary for conducting EPA research is fo und with i n ot her
agencies.

Through interagency agreements, the EPA work s w· th

these agencies making effective use of existing reso urces i n l i e u
of costly duplication.
program to develop

11

An example is the EPA/NASA joint resea r ch

quiet" propeller designs for small, ge neral

aviation aircraft.
In accordance with existi .ng statutes, each Federal agency is
required to camp ly with Feder a 1 , State, and 1oca 1 noise contro 1
requirements.

The EPA is the designated watchdog and has published

guidelines for all agencies as to project reporting, inspection
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and monitoring, and exempt status to insure that all agencies are
in full compliance with applicable standards (U.S. EPA, Noise Control Program, 1979 pp. 20-23).
State and Loca 1 Noise Contra 1 Efforts
As noted, the major thrust of the Federal noise control efforts has been aimed at source regulation which established technically feasible limits for new products.

The reasoni _ng for such

actions is valid in that identified, major sources consisted mostly of products used in construction and transportation.

The dis-

tribution and use of such products across state lines dictates regu- lation at the Federal level.

However, the effect of new product

noise emission standards will have little impact on environmental
noise levels unti 1 older, unr.egul ated products have served their
us.e ful life and been replaced.
The intrusiveness and annoyance of a piven noise source is, in
most cases, a site-specific determination.

An earthmover operating

in Death Va 11 ey waul d surely receive much less attention than one
operating in New York's Central Park, mainly as a result of the
number of persons affected.

This is not to say that the sparse

population of the desert is entitled to less protection, but rather
that the available resources and the willingness to commit those
resources toward a noise control program wi 11 vary greatly from
one location to another.

It is at the State and local level where

most noise related problems must be evaluated and it is at these
levels where the most immediately effective actions must be taken.
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As Federally regulated new products are marketed, their dispersian reduces the feasibility of Federal enforcement for continuing
compliance.

However, as the products become part of the local en-

vironment, it becomes beneficial for the local community to enforce
compliance.

Therefore, the effectiveness of Feder a1 regulations is

dependent on State and 1ocal governments being knowledgeable of prornul gated standards and wi 11 i ng to ob l _i gate resources toward en forcement.

A substantial improvement in local community noise level is

available through enforcement of Federal regulations .
.· I n those areas outside of Federal juri sdi cti on it is neces-

sary that State and local governments establish standards and enact
their own regula tory 1egis 1at ion.

Community noise surveys and sub-

sequent analysis of the data collected form the base from which t o
launch an effective noise control pr_ogram.

The EPA has published

adequate guidelines for conducting noise surveys and may, in some
cases, provide financial and technical assistance.

Once the prob-

lem is defined, regulat i ons should be developed on performance
,

standards which afford easier enforcement.

The measurement of fi-

nite noise levels requires no subjective interpretation and is relatively simple to accomplish.
In-use and operation standards offer local authorities an extensive means to accomplish desired noise abatement goals.

Permits

and limitations imposed on time and place of operation of noisy
equipment can significantly reduce its impact.

Assessment of spe-

cial fees for operations which tend to localize noise sources such
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as airports, truck terminals, and rail switching yards can provide
an economic incentive for self regulation.

Zoning restrictions can

be used to isolate and restrict noisy industrial operations in order to minimize exposure and thus annoyance.

Effective control can

be accomplished, especially in reducing the annoyance or

nuisan~e

factor, by limiting the allowable noise level at property boundaries,
and the source or product involved need not be considered.

Curfews

can be used in those cases where daytime operations are not significantly intrusive but would be at night against a lower ambient
background noise level.
In recognition of the vital role which States and local . governments have in the national noise abatement program, Co_ngress enacted the Quiet Communities Act of 1978.

It was shown that greater

emphasis was needed in establishing local programs, expanding public
information efforts, and funding for technical assistance at State
and local levels.
1.

The Act directed the EPA to fund:

Finpncial assistance to States and localities for:
a.

Problem identification

b.

Noise control capacity building

c.

Transportation noise abatement

d.

Evaluation and demonstration of noise
control techniques

2.

Establishment of r_egional technical assistance centers

3.

Provision of assistance in staffi~g and training
for State and local programs

4.

Maximum use of Older Americans in noise control programs
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5.

Conduct of a national environmental noise assessment

6.

Development of educational materials

7.

Loans of equipment to States and localities

8.

Increased noise research (U.S. EPA, Noise Control
Program, 1979 p. vi).

Through this additional legislation, the EPA has been able to increase its support of State and local noise control programs by
direct funding, i.e., grants, cooperative .agreements, and contracts,
and by expanded participation in such existing programs as the Quiet
Communities Program (QCP) and the Each Community Helps Others (ECHO)
program.
The QCP was developed as a pilot project wherein the EPA provided fiscal support and technical guidance to a selected community
for application of the best available techniques for developing a
community noise control program.

The approach taken is one of max-

imum involvement by the community in assessing the existing conditions, developing a local strategy for control, enacting the requisite legi s l ation, and enforcing the established regulations.
The ECHO program is to encourage and assist in establishing
initial noise control programs in 40 States and 400 communities by
the year 1985.

The premise for such a program is that wel l docu-

mented, actual experiences of one community's efforts and accomplishments in noise control and abatement are an effective tool for
others.

Other activities of ECHO involve direct liaison between

noise control officials of various communities, training of one
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community's employees by another, and direct assistance of neighboring communities by larger cities.

CHAPTER III
SUMMARY
Noise as a detriment to public health and welfare has received
an enormous amount of attention since the initial studies directed
by the Clean Air Amendments of 1970 b.egan.

The extent of concern

for noise as an undes i rable attribute of our society is evidenced
by the growth of the Federal noise control program budget.

Allo-

cated between the Office of Noise Abatement and Control, the Noise
Enforcement Division of the Office of Enforcement, and the Regional
Offices, the

b~dget

has increased from $300,000 for

$13,000,000 for FY89.

FY7~

to nearly

If one assumes an average annual inflation

rate of 8%, the budget has increased at an annual rate greater than
40% based on 1971 dollars.

In a 10-year span, the Federal govern-

ment has budgeted a total of more than $69,000,000 for noise abatement, control, and enforcement.

Just how much nearer to the na-

tional goal s the time and monies spent have brought us is difficult
to assess.
Federal regula tory measures wi 11, in general, produce an attenuation of the national noise level over an extended period of time
depending on product life cycles.

The relegation of responsibility

for the majority of in-use and operation regulations to the State
and local level has placed the problem in the right hands, but the
34
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success of such strategy requires a high level of public awareness
and concern.

The lack of immediacy in noticeable hearing loss due

to moderate overexposure to noise and the extreme range of individual
evaluations of degree of intrusiveness and annoyance of noise creates a condition ripe for pub 1i c apathy.
my and with a public

alrea~y

In an in flat ion ary econo-

clamori .ng about excessive taxation,

costly legislation for such an elusive problem as noise has little
chance for success.
In 1978, the Orange County Pollution Control Department (Floridaf· proposed to the Board of County Commissioners a Noise Control
Ordinance which was, with few exceptions, an exact duplicate of the
Model Community Noise Control Ordinance developed by the EPA.

The

Commissioners refusal to consider the proposal was accompanied by
remarks to the effect that they were not aware that a problem
existed which needed regulati _ng, no disproportionate number of noise
complaints had been received, and the citizens are legislated
enough and no unnecessary, additional legislation was warranted
(Sawicki, 1979).

It was determined that the drafting of this pro-

posal constituted the initial action.

No survey or other attempt

to determine if, or to what extent, noise was a valid problem and
warranted legislative action.

The public had not been made aware of

the proposal nor had they been afforded the opportunity for input
into its development.
While it is true that further research is needed in practically all areas · of noise effects if the gpal is to define standards
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with zero error, the cost-effectiveness of such efforts must surely be suspect when, as a nation, we are not totally committed to
programs which make use of existing knowledge.

Noise is a problem

of the people and the people must be made knowledgeable of its
consequences.

Public education is a prime requisite for developing

any noise control program which will be effective on a national
1eve 1.

In a report published in November, 1978, San Diego, California:

Case History of a Municieal Noise Control Program (in sup-

port of the EPA's ECHO program), the role of public education is
well defined.

The report states that,

11

Educating the public about

noise, noise abatement, the effects of noise on humans, and what
could be done about noise (enforcement) was a critical element of
the pr.ogram. 11

The city's efforts to this end included 30 newspa-

per articles, 20 TV appearances by noise officials, question-andanswer phone-in radio programs, a monthly newsletter, distribution
of some 220,000 pamphlets inserted into water bills, and 90,000
door hangers (U.S. EPA, San Diego, California ... , 1978 pp. viii,
21).

Unquestionably, research efforts must continue in the relatively new field of noise effects.

The standards for existing

regulations must be continuously refined with an acceptable balance
between benefits and costs.

Federal guidelines, technical assis-

tance, and fiscal support will continue to form the basis for · national attainment of established goals.

However, continued

37

reduction in environmental noise levels will become increasingly
more difficult as we move from the goal of an Ldn 65 dB toward that
of Ldn 55 dB.

It is in this effort that greater emphasis must be

p1aced on actions at the State and 1oca 1 1evel.

The broad effects

of initial Federal actions have made a substantial impact on attenuati~g

major noise pollutants.

It is at the State and local level

that the more general and diversified contributors can be most
effectively dealt with.
is the

starti~g

Public awareness through public education

point .

... With the present availability of easily operated, portable,
integrati .ng sound measuri.ng equipment and the computer support for
community acoustic surveys available through the EPA's LISTEN program, the local area (Orlando, Florida) could be a rewarding and
informative subject for future studies, research reports, or theses.
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GLOSSARY

AUDIBLE RANGE (OF FREQUENCY) also AUDIO-FREQUENCY RANGE. The frequency range 16-20 Hz to 20,000 Hz. Note: This is convent ion ally taken to be the normal frequency range of human
hearing.
CONTINUOUS NOISE. On-going noise whose intensity remains at a
measurable level (which may vary) without interruption
over an indefinite period or a specified period of time.
EQUIVALENT SOUND LEVEL. The level of a constant sound which, in
a given situation and time period, has the same sound
energy as does a time-varying sound. Technically, equiva;
lent sound level is the level of the time-weighted, mean
square, A-weighted sound pressure. The time interval
over which the measurement is taken should always be specified.
ENVIRONMENTAL NOISE. By Sec 3(.11) of the Noise Control Act of
1972, the term "environmental noise" means the intensity,
duration, and character of sounds from all sources.
HEARING LEVEL. The difference in sound pressure level between the
threshold sound for a person (or the median value or the
average for a group) and the reference sound pressure 1evel
defining the ASA standard audiometric threshold (ASA: 1951).
Note: The term is now commonly used to mean hearing
threshold level. Units are decibels.

HEARING LOSS.

Impairment of auditory sensitivity:
a hearing threshold level.

an elevation of

HEARING THRESHOLD LEVEL. The amount by which the threshold of
hearing for an ear (or the average for a group) exceeds
the standard audiometric reference zero. Units are decibels.
INFRASONIC. Having a frequency below the audible range for man
(customarily deemed to cut off at 16 to 20 Hz).
NOISE EXPOSURE. 'The cumulative acoustic stimulation reaching the
ear of the person over a specified period of time (e.g.,
a work s hi ft, a day, a working 1 i fe, or a 1i fe time) .
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NOISE HAZARD (HAZARDOUS NOISE). Acoustic s timul ati on of the ear
which is likely to produce noise-induced permanent threshold
shift in some of a population.
NOISE-INDUCED PERMANENT THRESHOLD SHIFT (NIPTS). Permanent
threshold shift caused by noise exposure~ corrected for
the effect of aging (presbyacusis).
NOISE- INDUCED TEr~PORARY THRESHOLD SHIFT (NITTS). Temporary
threshold shift caused by noise exposure.
OTOLOGICALLY NORMAL. Enjoying norma 1 health and freedom from all
clinical manifestations and history of ear disease or injury; and having a patent (wax-free) external auditory
meatus.
PEAK SOUND PRESSURE. The absolute maximum value (magnitude) of
the instantaneous sound pressure occurring in a specified
peri od of t i me .
SOUND LEVEL. The quantity in decibels measured by a sound level
meter satisfying the requirements of American National
Standards Specification for Sound Level Meters S1.4-1971.
Sound level is the frequency-weighted sound pressure level obtained with the standardized dynamic characteristic
"fast" or 11 S10W 11 and weighting A, B, or C; unless indicated
otherwise, the A-weighting is understood. The unit of any
sound level is the decibel, havi _ng the unit symbol dB.
SOUND EXPOSURE LEVEL. The level of sound accumulated over a given
time interval or event. Technically~ the sound exposure
1eve 1 is the 1eve 1 of the time-integrated~ mean square Aweighted sound for a stated time interval or event, with a
reference time of one second.
SOUND PRESSURE LEVEL. In decibels, 20 times the logarithm to the
base ten of the ratio of a sound pres sure to the reference
sound pressure of 20 micropascals (20 micronewtons per
square meter). In the absence of any modifier, the 1eve 1
is understood to be that of a mean square pressure.
TEMPORARY THRESHOLD SHIFT (.TTS). That component of threshold
sh.i ft which shows a progressive reduction with the passage
of time after th.e apparent cause has been removed.
THRESHOLD OF HEARING (AUDIBILITY). The minimum effective sound
pressure level of an acou~tic signal capable of exciting
the sensation of hearing in a specified proportion of
trials in prescribed conditions of listening.
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ULTRASONIC. Havi .ng a frequency above the audible range for man
(con vent ion ally deemed to cut off at 20 ,000 ·Hz) .

SOURCE:

U.S. EPA, Information on Levels ... , 1974 pp. G-1 to G-4.
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